Background/Aims: Elderly patients with normal systemic arterial blood pressure associated with femoral carotid pulse velocity (cf-PWV) less than 7.6 m/s and without associated comorbidities are considered to have good vascular health. The aim of the current study was to verify the probability that elderly patients with good vascular health have at least one blood pressure measurement above the different thresholds for systolic blood pressure (120, 130 and 140 mmHg) during two years of follow-up. Methods: We selected 72 normotensive patients (<140/90 mmHg) without comorbidities and divided them into group A, with cf-PWV < 7.6 m/s (n = 27; 65 ± 4 years), and group B, with cf-PWV ≥ 7.6 m/s (n = 45; 66± 8 years). These patients were followed for two years and were observed in 3 outpatient visits (0, 12 and 24 months). At each visit, the brachial pressures were indirectly measured in triplicate, and applanation tonometry was performed. Results: When group A and group B were compared, the odds ratio (OR) of having a systolic pressure measurement ≥ 140 mmHg in two years of follow-up was 0.22 (P < 0.0001); ≥ 130 mmHg, the OR was 0.49 (P < 0.0007), and ≥ 120 mmHg, the OR was 0.54 (P < 0.001). Group A and group B showed increased values of cf-PWV during the two years of follow-up (P < 0.05). Changes in the average systolic brachial pressure were not significant during the two years in groups A or B. Conclusion: Vascular health in elderly individuals seems to protect against occasional elevations in systemic arterial pressure.
Introduction
Vascular health in aging has been defined as carotid-femoral pulse wave velocity (cf-PWV) <7.6 m / s (mean ± SD 2 of a reference group of individuals <30 years of age) in combination with the absence of arterial hypertension [1] . This definition is consistent with evidence that increased cf-PWV is an independent predictor of cardiovascular events and improves prediction over traditional risk factors alone, including high blood pressure (BP) [2] [3] [4] Information about longitudinal changes in PWV and SBP parameters in people with good vascular health come from Sardinian data examining the simultaneous trajectories of repeated measures of PWV and SBP, and this analysis demonstrated a remarkable dissociation in the paths of these parameters with advancing age [5] . On the other hand, there are different definitions to consider for the limits of arterial hypertension, especially after reports that lower systolic levels are consistent with a reduction in the morbimortality rate [6] . Thus, the possibility of older adults defined as having good vascular health becoming hypertensive is dependent upon the criteria adopted for the definition of arterial hypertension.
The present study aimed to verify the probability that elderly patients with good vascular health will have at least one blood pressure measurement with levels above different thresholds for systolic blood pressure (120, 130 and 140 mmHg) during two years of follow-up.
Materials and Methods
The present study is a longitudinal analysis of normotensive elderly patients who have been included in the data bank of Estudo da Velocidade da Onda de Pulso em Idosos de região Urbana no Brasil -Pulse Wave Velocity in the Elderly in a Brazilian Urban Area (EVOPIU), which was a prospective, observational, multiclinic study with a planned four-year follow-up and was designed to correlate cardiovascular endpoints with different groups of elderly hypertensive patients. A total of 1192 elderly individuals were enrolled in EVOPIU, and subjects were followed with laboratory exams and applanation tonometry performed at each medical visit [7] . All the collected data are stored electronically and are the responsibility of the Federal University of Uberlândia, MG, Brazil. EVOPIU was approved by the Research Ethics Committee under CAAE number 37440114.3.0000.5152 and was financed by the Minas Gerais State Agency for Research and Development (FAPEMIG).
Elderly patients with vascular health conditions: Inclusion/Exclusion Criteria
Data from normotensive patients were extracted from the EVOPIU database according to the following inclusion/exclusion criteria: age ≥ 60 y.o. and baseline systemic arterial blood pressure <140/90 mmHg without the use of antihypertensive drugs or diuretics. Patients with related comorbidities, such as diabetes mellitus, chronic kidney disease, and known malignant neoplasm, were excluded from this study. After the inclusion and exclusion criteria were applied, a total of 72 normotensive patients constituted our sample. The present article represents a preliminary study of the first two years of follow-up. The patients were examined at baseline (0) and after one (1) and two (2) years of follow up, respectively denoted visits V0, V1 and V2. Patients were separated into two groups: group A, with baseline cf-PWV <7.6 m / s (n = 27), and group B, the control group, with basal cfPWV ≥ 7.6 m/s (n= 45).
Biochemical/Hematological Data
General demographic and clinical data were collected for each subject. Serum levels of uric acid, urea, creatinine, blood glucose, and the lipid profile were assessed using colorimetric methods (Cobas 6000; Roche Hitachi®, Brazil, As 2400® (Roche®, Brazil), whereas hematological examination was performed with a Sysmex XED-2100®, Sysmed Brazil, JP. Patients were considered to have hypercholesterolemia when they had total fasting cholesterol > 200 mg/dL, HDL cholesterol < 40 mg/dL, triglycerides >190 mg/dL, or used statins; diabetes mellitus was defined as fasting plasma glucose ≥ 126 mg/dL or when patients were using insulin/oral hypoglycemic drugs; and chronic kidney disease was defined as a glomerular filtration rate < 60 ml/min/m 2 and urinary creatinine/protein < 0.2 mg/g.
Blood Pressure Measurements-Brachial (bBP)
After 10 min of rest, brachial systemic blood pressure was assessed in a seated position three consecutive times at 3-min intervals labeled the first, second and third blood pressure measurements at each medical visit. For the first two measurements, an automatic digital oscillometric blood pressure (BP) device (HE 7200 Intelli-Sense Omron Hem®, Brazil) was used; the third measurement was performed with a SphygmoCor®, Sydney, AU. We used triplicate measurements of blood pressure, considering each one of the three measures separately (named the first, second and third measurements) and reporting the arithmetic mean of the three measurements. A total of 603 blood pressure measurements were taken from the 72 patients, who attended three medical visits in two years of follow up. For analysis, we considered three different cutoffs for the definition of elevated blood pressure or hypertension status: 120, 130 and 140 mmHg.
Central blood pressure, PWV, and AIx
Central BP values, carotid-femoral pulse wave velocity (cf-PWV) and the aortic augmentation index (AIx) were obtained by direct-method applanation tonometry with a SphygmoCor® XCEL device, model EM4C (AtCor Medical, Sydney, Australia); cf-PWV was measured in meters per second, with the patient in a supine position. The AIx was automatically adjusted for a heart rate of 75 bpm since the heart rate is an important modifier of AIx.
Statistical analysis
We assessed the normality of the data set using Skewness/Kurtosis tests. For comparisons of two samples with a parametric distribution, Student's t-test was used, and for nonparametric data, a Wilcoxon rank-sum (Mann-Whitney) test was used with the data being shown as the mean +/-standard error and median (p50) +/-interquartile interval (IQR), respectively. For comparison of three or more normal variables, analysis of variance (ANOVA) was performed with Bonferroni posttest adjustment, and for nonparametric variables, the Kruskal-Wallis equality-of-populations rank test was used. The cf-PWV values were not adjusted for sex, age or mean arterial pressure (MAP) because of the small number of participants in each group. The odds ratio was calculated using a 2 x 2 table, and chi-square and Fisher's exact test were applied. The null hypothesis is as follows: the group with good vascular health would have all arterial pressure measurements at all medical visits below normal values. The alternative hypothesis is as follows: at least one of the pressure measurements would be above normal values during medical appointments. Significance was set at p< 0.05 in all analyses. The STATA 15.1 and Prisma 5.0 software programs were used for statistical analyses.
Results
Elderly patients who met the criteria for vascular health corresponded to 2.2% (A) and the control group (B) to 3.7% of the EVOPIU database. Table 1 shows the clinical and laboratory characteristics of normotensive patients with cfPWV < 7.6 m/s (A) and with cf-PWV ≥7.6 m/s (B). Table 1 shows the cfPWV values adjusted by brachial blood arterial pressure, gender and age. Table 2 shows the probability for the patients to have at least one high blood pressure reading in a medical visit in two years of follow-up according to the different thresholds for systolic blood pressure. Fig. 1 demonstrates the cf-PWV values without adjustments in the first, second and third medical visits for groups A and B. Fig. 2 shows the systolic blood pressure box plot for each visit for both groups (Table 1) . Fourteen patients did not continue the study for 24 months: 2 died from pneumonia (group A), and 12 were followed only by telephone contact. These patients did not have their data included in this study. 
Discussion
Our study showed that elderly patients in a healthy vascular condition have a low chance of becoming hypertensive during two years of follow up. Finding older adults who meet the criteria necessary to diagnose good vascular health is not an easy task. Thus, 2.1% of the 1192 patients participating in EVOPIU could be included in these criteria using a cutoff for systolic blood pressure < 140 mmHg. Elderly patients belonging to this select group of individuals did not have diabetes, had no other comorbidities common to the elderly, and did not use any antihypertensive medications. On the other hand, normotensive patients, without comorbidities but with a cf-PWV > 7.6 m/s, were also not a frequent finding in our database, representing only 4.0% of the sample total.
When we compared the cf-PWV of both groups from V0 to V2, we found that the cf-PWV of group B remained significantly higher than that observed in group A.
If increases in cfPWV are associated with increases in vascular stiffness, one would suppose that group B had more vascular damage than group A and did not yet show arterial hypertension. Although arterial stiffness has long been considered to be a complication of hypertension, there is growing evidence that arterial stiffening can precede the increase in SBP, and an elevation of SBP further augments arterial stiffness [8] [9] [10] [11] .
Our study also demonstrated the cfPWV behavior in elderly patients with low and high cfPWV during two years of follow-up (Fig. 1) . In the unadjusted model, the cfPWV increased after two years in both groups, but only group B showed eight hypertensive patients at 24 months (Table 1 ). These findings indicate that values of cfPWV> = 7.6 m / s may be associated with so-called prehypertension.
It was interesting to note that the average values of arterial pressures obtained by triplicate measurements did not change during the follow-up examinations of both groups, which did not mean that any of the measures did not exceed the cutoff values established for the diagnosis of arterial hypertension. Table 2 shows that for group A, the chance of having at least one arterial systolic pressure measurement higher than 140 mmHg is 77.7% lower than the risk for group B. For the cutoff of 130 mmHg, group A has a 51% lower chance than group B, and for a cutoff of 120 mmHg, group A has a 46% lower risk than group B. The data show that the lower the cutoff value for systolic blood pressure is, the lower the difference in the risk of individuals with and without vascular health to become hypertensive. Another explanation for the same data is shown in Fig. 2 . As we can see, the systolic variations above 140, 130 and 120 mmHg are more notable in group B. For diastolic pressures, the same occurred, demonstrating that the elderly patients who fit within the vascular health criteria with any cutoff are less likely to have at least one high blood pressure measurement for two years than those in group B.
It can be argued that only a measure of BP above the stipulated cutoff would not have clinical significance, but many studies are proving that pressure-ability cannot be called physiological, and these oscillatory levels of blood pressure represent damage to target organs [12, 13] . It is interesting to note that the widening of the pulse pressure, considered one of the indicators of vascular rigidity [14] , did not show different odds in the two groups studied. The increase in bPP occurred similarly between the high-and low-cfPWV groups. A follow-up time greater than that used in our study may be able to reveal the outcomes for the elderly patients in both groups.
An SBP target <130 mmHg has been proposed as reasonable in primary prevention with a low overall and cardiovascular risk [15] . Prehypertension is also an independent predictor of decreased glomerular filtration rate in the general population, with the effect being more pronounced in the elderly [16] . If systolic values higher than 130 mmHg are classified as a prehypertensive condition, the elderly with a cf-PWV <7.6 m/s have a 51% lower risk of developing prehypertension. Even with lower limits for the diagnosis of prehypertension, elderly patients with vascular health are more protected from higher systolic and diastolic levels over two years (Table 2) .
Other parameters obtained by tonometry show different values for Aix, but the number of female individuals in group A is proportionally higher than that in group B, justifying this finding [17] . The same reasoning applies to the different serum creatinine levels in both groups. We also did not find different values for the central pressures between the groups over two years of follow-up, nor for the laboratory data obtained. As limitations of our study, we would point out the small number of participants in each group and the blood pressure measurements being performed in the office. The ambulatory blood pressure measurement (ABPM) is perhaps more appropriate for this type of study.
In conclusion, patients with good vascular health seem to be better protected against occasional elevations in systemic arterial pressure than other groups without these conditions. Longer-term studies should be performed to verify the cardiovascular outcomes of these patients.
